Practice-level data were downloaded from the NHS Digital website, and were grouped or deciled before being linked to CPRD data by NHS Digital. The categorisation of practice-level variables was a requirement of ethical approval from the Independent Scientific Advisory Committee to the CPRD. Although data on staffing, rurality, training status, and QOF performance are publicly available, providing these data for each practice increased the possibility of the unintentional deductive disclosure of the identity of individual practices. Thus, these data were grouped or deciled to protect practices from being identified.
Consultation types
Consultations in CPRD data represent events in which a patient's electronic health record is opened by a staff member of the practice. Codes for face-to-face, telephone, and visit consultations were selected from the consultation type variable, as were codes for GP and nurse consultations from the staff role variable. In line with the authors' previous research on consultation rates, 2 consultations with GPs or nurses that were conducted in the practice, over the telephone, or at home, were included in the study, whereas other types of entries in the consultation record, such as administrative entries, were excluded. Separate variables were created for GP consultations, nurse consultations, and all consultations (GP or nurse consultations combined); and separate analyses were conducted for all three consultation types. Missing data were included in unknown categories for variables in the models.
Statistical analyses
Multilevel negative binomial models were used to model consultation rate for each of the three consultation type variables with patient-level (age, sex, ethnicity, IMD score, and smoking status) and practice-level (number of full-time equivalent [FTE] GPs, number of FTE nurses, QOF achievement score, training status, and rurality) covariates. As expected, the variables number of FTE GPs and practice list size were correlated. Both variables could not be included in each multivariate model because of collinearity, therefore, practice list size was omitted from further analyses.
The dependent variable was number of consultations (GP, nurse, or all), and the offset for each model was log of personyears, which is used so that the dependent variable can be modelled as a rate. The random effect parameter for all models was an anonymised practice identifier, and significance was measured at the 5% level.
Univariate analyses were conducted, and likelihood ratio tests were used to test the overall significance of categorical variables. All significant variables were entered into a multivariate model. Non-significant variables were manually removed from the multivariate model using stepwise regression until a parsimonious model was derived. Each variable that was not significant in the univariate analyses was then re-entered into the model, individually, to see if it became so when grouped with other significant variables. Models for each consultation type are presented that include only those factors that had a significant effect on patient consultation rates. Data were analysed used the statistical package Stata (version 14.1). Table 1 outlines the characteristics of patients in the study. Of the 304 937 patients in the study, 49.2% were male and 50.8% were female. Most patients were white (48.3%), although findings on ethnicity should be viewed with some caution because data for this variable were missing in 45.4% of CPRD patient records. In terms of age, 29.8% of patients were aged <25 years, and 8.2% of patients were aged >74 years. More than one-third of the sample (35.6%) had an IMD score in the fourth or fifth quintile (with the fifth quintile containing scores for the
RESULTS

Patient characteristics
How this fits in
Recent research on the volume of consultations in general practice in England shows an increase in consultation rates between 2007 and 2013, but there is little understanding of why this increase occurred. There are few international or UK data on the factors associated with consultation rates in general practice, and this is the first study to examine a comprehensive range of patient-level and practice-level characteristics. In previous research, NHS England used the estimated consultation duration as a proxy for workload. In this study, the authors use an alternative measure, the per patient consultation rate, and analyses show robust trends in patientlevel and practice-level factors associated with workload across three different types of consultation. These findings can be used to develop new resource allocation formulae, and staffing models, which consider the effect of both patient-level and practice-level factors associated with workload. (Table 3) . Asian patients consulted more (RR = 1.14, 95% CI = 1.11 to 1.16), and Chinese patients less (RR = 0.82, 95% CI = 0.77 to 0.89), than white patients.
Older patients consulted more, with the oldest age group (aged >74 years) consulting almost four more times as often (RR = 3.97, 95% CI = 3.90 to 4.05) as those in the reference group (aged 5-14 years).
The all consultation rate was also associated with a greater number of FTE GPs at a practice; compared with surgeries that had ≤2 FTE GPs, the consultation rate for surgeries that had >8 and ≤19 GPs was 26% higher (RR = 1.26, 95% CI = 1.06 to 1.49).
Compared with patients with IMD scores in the least deprived quintile (quintile 1), consultation rate was 11% higher (RR = 1.11, 95% CI = 1.10 to 1.13) for those with scores in the fourth quintile, and 18% higher (RR = 1.18, 95% CI = 1.16 to 1.19) for those with scores in the fifth quintile.
Finally, compared with current smokers, non-smokers had a 12% lower (RR = 0.88, 95% CI = 0.87 to 0.89), and ex-smokers a 2% lower (RR = 0.98, 95% CI = 0.97 to 0.99), consultation rate than smokers.
GP consultations
Univariate analyses. As with univariate analyses for all consultations, univariate analyses for GP consultations showed a significant association (P<0.05) between consultation rate and the variables sex, ethnicity, age, number of FTE GPs, number of FTE nurses, IMD score, smoking status, QOF achievement score (only for the unknown level of the variable), and practice training status (Table 4 ). There was no association between consultation rate and practice rurality status.
Multivariate
analyses. Multivariate analyses for GP consultation rate showed similar trends to those for all consultations. GP consultation rate was significantly associated with sex, ethnicity, age, number of FTE GPs, IMD score, and smoking status. Females consulted more than males (Table 4) . Compared with white patients, Asian patients consulted more, and Chinese patients less. Consultation rate was positively associated with a patient's age. Consultation rate was also associated with an increase in the number of GPs in a practice; compared with surgeries with ≤2 FTE GPs, patients who were registered with surgeries with >8 and ≤19 FTE GPs consulted 36% more often (RR = 1.36, 95% CI = 1.19 to 1.56).
As with the analyses for all consultations, consultation rate with GPs was positively associated with level of deprivation, with patients with IMD scores in the most deprived quintile consulting 17% more often (RR = 1.17, 95% CI = 1.15 to 1.19) than those with scores in the least deprived quintile.
Finally, non-smokers had a consultation rate that was 12% lower (RR = 0.88, 95% CI = 0.87 to 0.89) than that for smokers, and ex-smokers had a consultation rate 4% lower (RR = 0.96, 95% CI = 0.95 to 0.97) than that for smokers.
Nurse consultations
Univariate analyses. There was a significant association between consultation rate for nurses (P<0.05) and the variables sex, ethnicity, age, number of FTE GPs, number of FTE nurses, IMD score, smoking status, QOF achievement score, and practice training status. For the covariates number of FTE GPs, QOF achievement score, and practice training status, the association was only significant for the unknown level of each variable (Table 5 ). In addition, there was no significant univariate association between consultation rate and rurality.
Multivariate analyses. Consultation rate with nurses was significantly associated with ethnicity, age, number of FTE GPs (but only for the unknown level), number of FTE nurses, IMD score, and smoking status.
Multivariate analyses showed findings that mirrored trends on age, ethnicity, deprivation, and smoking status in the all consultation and GP consultation models.
Consultation rate was positively associated with number of FTE nurses; compared with surgeries with ≤2 practice nurses, those surgeries that had >4 and ≤6 FTE nurses had a higher consultation rate by a factor of 1.30 (RR = 1.30, 95% CI = 1.07 to 1.59). Counts for practices with >6 FTE nurses were low (Table 2) .
DISCUSSION
Summary
Multivariate analyses were performed with three types of consultations: all (GP or nurse), GP, and nurse consultations. Analyses for all three consultation types showed similar, robust trends in factors associated with consultation rates in general practice. For all three consultation types, consultation rates increased with age, females consulted more than males, and Asian patients consulted more, and Chinese patients less, than white patients. Consultation rates also increased with level of deprivation: consultation rates for those with scores in the most deprived quintile were between 13% and 18% higher than for those with scores in the least deprived quintile. Practices with more GPs or nurses had higher consultation rates than those with fewer GPs or nurses, which probably reflects greater availability of appointments in surgeries with higher staff to patient ratios.
Strengths and limitations
This study has several strengths. First, it provides robust data on patient and practice characteristics associated with consultation rates, which can be used to inform workforce planning, and fair allocation of resources. Second, these findings are based on a large and broadly representative sample of patients from general practices across England. 23 Third, through linkage between data from a range of sources, and use of multilevel statistical models, this study has been able to demonstrate the independent effect of patient and practice characteristics, which might otherwise be confounded in singlelevel analyses. For example, the analyses have highlighted the independent impact of both age and deprivation on consultation rates, which may not be apparent in studies based only on practice-level data, where practices with more deprived populations also tend to have fewer older patients. 24 Fourth, all analyses of consultation rates reflect activity rather than demand, and the number of consultations conducted is constrained by the number of appointments available. Because patients with different characteristics are 'competing' for the same number of appointments in a practice, using individual patient data within a multilevel model helps to identify individual factors associated with consultation rates that may not be apparent in a practice-level analysis. Although this is a major strength of the current study, the findings may still underestimate the relationship between patient characteristics, such as deprivation or age and activity, because practices in some areas tend to have a high proportion of deprived or older patients, and activity will still be constrained by appointment availability.
In terms of limitations, as with all routinely collected data, data are subject to coding and The multivariate columns only include data for those covariates that had a significant effect on consultation rate. FTE = full-time equivalent. IMD = Index of Multiple Deprivation. QOF = Quality and Outcomes Framework.
e374 British Journal of General Practice, May 2018 recording errors. Furthermore, complete data were not available for all patients, and unknown categories were included in models that may be difficult to interpret. For example, 55% of data on patient ethnicity were missing. The completeness and validity of ethnicity recording in Hospital Episode Statistics and CPRD have been examined in previous research, and completeness of ethnicity recording was slightly higher than that observed in the present study. 25 However, for those patients for whom data on ethnicity were recorded, proportions in each ethnic group were consistent with those observed in census data. 25 This indicates that data on ethnicity are equally likely to be missing regardless of ethnic group; hence, associations observed in this study would remain unchanged by more complete information. Finally, data were used for consultations that involved direct contact with a patient, be that in person or on the telephone. There are other activities that generate workload for clinicians which do not require direct patient contact, such as writing referral letters, and this analysis also does not include the substantial workload in general practice carried out by administrative staff.
Comparison with existing literature
These findings support those in previous studies which found that consultation rates were higher among females than males, 26 among Asian patients, 27 and among older patients, 6 and increased with level of deprivation.
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Implications for policy and practice The current workload formula for the allocations of resources to clinical commissioning groups was developed by NHS England in 2016. 29 This model has already been used for the allocation of resources to clinical commissioning groups for the year 2016-2017, and NHS England is planning to use the same model to allocate resources for the next 4 years (until 2020-2021). In this model, NHS England considers the effect of only four variables (sex and age group, rurality, deprivation, and number of new registrations) on duration of consultation, the proxy variable it uses to measure workload. In the alternative model in the current study, the effect of six variables not considered in the NHS England model (ethnicity, smoking status, number of FTE GPs, number of FTE nurses, QOF performance score, and practice training status) on consultation rate, a proxy variable for workload, were also measured. NHS England reports that: The multivariate columns only include data for those covariates that had a significant effect on consultation rate. FTE = full-time equivalent. IMD = Index of Multiple 'A number of other potential factors were considered [for the model used] but were either not available in the anonymised dataset, the data were not of sufficient quality, or data were not available for every GP practice in the country to permit implementation.' 29 Through linkage of data from a variety of sources, the authors of the current study have demonstrated the independent effect of 10 (in the analyses, sex and age were two separate variables) patient and practice characteristics on consultation rate. The analyses in this study show robust trends in patient-level and practice-level factors associated with workload across three types of consultation. The authors believe this model is of greater utility than that currently used by NHS England because it will inform the development of more sophisticated staffing models, and resource allocation formulae, than analyses that have only considered a limited number of explanatory variables, and/or practice-level variables.
These findings can also be used to help identify practices in particular areas that may need to be targeted for additional support, including infrastructure such as consultation space, because of their predicted higher workload. For example, the findings show that practices in areas that have more older patients living in deprived areas (as in some seaside towns), or a higher proportion of patients from Asian ethnic groups, are likely to experience high workload, and this should be accounted for in workforce planning.
